This file describes the impedance spectroscopy data modeling and provides EIS results on αHL-reconstituted tBLMs in buffer (section I) and in PEG solutions (section II), and provides a full description of the neutron reflection data, models and scattering length density profiles (section III). It gives a determination of parameter confidence limits by a Monte Carlo resampling method (section IV) and describes auxiliary experiments with tBLMs using a longer tether (section V) that complement the results described in the main paper.
I. Modeling of electrochemical impedance spectra
To accurately determine area-normalized electronic components from EIS data, the roughness factor of each electrode was measured by two independent electrochemical techniques: capacitance ratio and gold oxide stripping coulometry (1) prior to the experiment, and determined as 1.39 ± 0.04. EIS data were fitted to the models in Scheme S1 using Zview 2.9 (Scribner Associates, Inc., Southern Pines, NC), using data-modulus weighting. Model A, an equivalent circuit model (ECM) we recently developed, describes the properties of tBLMs particularly well (2) (3) (4) . It accounts for the bilayer capacitance and the Helmholtz capacitance of an interface between the gold and the electrolyte (CPEtBLM); a conduction pathway parallel to CPEtBLM consists of CPEpores and Rpores and accounts for the conductance of either defects or αHL-induced pores. tBLM systems with a small defect density exhibit CPEpores exponent values close to α = 0.5, while an increasing density of the ion-conducting αHL pores shifts this parameter towards α = 1. CPEpores is determined by the Helmholtz capacitance and the specific conductance and thickness of the electrolyte reservoir confined between the electrode and the phospholipid bilayer. Rpores corresponds to the resistance of the pores. Cole-Cole plots of electrochemical impedance spectra of an tBLM before and after αHL incubation, fitted to model A, are shown in Fig. S1 . Figure S1 : Cole-Cole plots of a DPhyPC tBLM before (A) and after (B) αHL reconstitution. (A) The tBLM was formed on a SAM prepared from a 30:70 (mol:mol) solution of WC14 and βME. The electrolyte was 0.1 M NaCl, 0.01 M Na-phosphate buffer at pH 7.5. Frequency range is from 1 to 65,000 Hz. (B) tBLM spectrum after incubation for 113 min with a 152 nM solution of αHL. Frequency range is from 1 to 39,800 Hz. All data are normalized with respect to the surface area. The solid lines show fits to ECM A of Scheme S1.
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Scheme S1:
Equivalent circuit models of the tBLM in solution. Two alternate models, A and B, were considered. The CPEs are constant phase elements, whose impedances are defined as ZCPE = 1/CPE×1/(iω) α , where CPE is the coefficient of the element. ω = 2πf, with f the frequency in Hz. α is the CPE exponent. Rsol is the solution resistance, and Cstray accounts for the capacitance associated of cables, connectors and the electrochemical cell. Model A attributes a constant phase element CPEpores to the pores in the membrane whereas model B assumes a CPEH for the Helmholtz layer.
EI spectra fitted with ECM A yielded fit qualities of (typically) χ 2 < 2×10 -4 . Results are summarized in Table S1 . Incubation with αHL solution increases CPEtBLM as well as CPEpores and αpores. However, the most dramatic change occurs in Rpores, which exhibits a ca. 30-fold decrease upon incubation with protein solution, which we attribute to the αHL-induced conductance, Ypores = Rpores -1 , of the membrane.
We considered other ECMs for the tethered membranes (e.g., ECM B in Scheme S1). These did not fit the experimental data well compared to ECM A. Under certain conditions, the two models, A and B, may be degenerate, which may lead to a different interpretation of the electrochemical properties of the interface. Specifically, the exponent of CPEpores increased from αpores ≈ 0.5 to αpores → αtBLM upon incubation with αHL (see Table S1 ). At αpores = αtBLM, model A becomes degenerate with model B. Upon incubation with αHL, the exponent of CPEpores increased from αpores ≈ 0.5 to αpores → αtBLM ≈ 0.98 (Table S1 ). In the degenerate case, the pore conductance described as Rpores in series with CPEpores parallel to the insulating membrane is replaced
Because € ′ R pores < R pores , the αHL-induced conductance across the membrane is greater in ECM B than in ECM A. Although αpores is not strictly equal to αtBLM, the uncertainty in α limits our ability to distinguish between the two models. A best-fit parameter set is included in Table S1 for comparison with the best fit using ECM A. In this case, χ 2 must be tested for both models. Indeed, the χ 2 for model A is about 10-fold smaller than that for model B. Moreover, while Rpores is less in model B than in model A, it is also significantly less than predicted by Eqn. (1), which is physically unrealistic. This rules out the possibility of degeneracy and justifies the validity of model A. 

II. EIS of protein-reconstituted tBLMs in PEG solutions
Upon introduction of differently-sized PEGs (15% w/w), reversible changes in the EIS data were observed in the frequency range that is mostly determined by Rpores, as the modeling shows. In particular PEGs with a mean molecular mass < 2,250 g/mol increased |Z| and shifted the minimum in ϕ towards lower frequencies ( Fig. S2 ), while PEGs with a mean molecular mass > 2,250 g/mol caused the opposite effects. Representative fits to the model obtained on one single tBLM are listed in Table S2 . The PEGs affect mainly Rpores, which changes by ≈ -35%
(PEG200) to ≈ +15% (PEG3400) from its value in PEG-free buffer. Other parameters were less affected by the polymer, except for CPEpores, which changed by -10% in PEG200, presumably due to penetration of polymer molecules into the submembrane space.
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Figure S2:
Effect of 15% (w:w) 400 g/mol PEG on the impedance (Bode plots) of a tBLM containing αHL channels. Data are normalized with respect to the surface area. 
III. Neutron reflection
αHL reconstituted into WC14-based tBLMs. Figure S3 shows the full range of experiments with isotopically distinct bulk solvents performed before and after the incorporation of αHL into the membrane. Addition of αHL into the membrane resulted in subtle, yet significant changes in the NR spectra, particularly at low momentum transfer Qz.
These data were fitted using a slab model with layers of uniform neutron scattering length density (nSLD) for each of the chemically distinct components of the interface: Si, SiOx, Cr, Au, OEG tether, inner bilayer leaflet, outer bilayer leaflet, headgroups, and solvent. In the composition-space refinement evaluation (6,7) of the neutron reflection data, nSLDs in slabs representing the tBLM and αHL (z = 0 -120 Å in Fig. S4 ) was parameterized in terms of volume fractions, η, of organic material and solvent (8) 
where nw is the (fractional) number of waters per lipid hg, V is a molecular volume [Vw = 10 Å 3
for water, indiscriminate of isotopic composition, Vhg = 200 Å 3 , see (9) ] and b is neutron scattering length. The subscript w (= D2O, CM4, H2O) indicates the isotopic composition of water and ρ is the experimentally determined nSLD, measured in the system under three distinct isotopic buffer compositions specified by the superscript. Similar relations hold for the alkane region, where the monolayer proximal to the solid support is frequently slightly incomplete and incorporates water-filled defects amounting to typically 5% of its overall area.
It has been determined from grazing-incidence x-ray diffraction studies of a large number of amphiphiles in Langmuir monolayers (10) that the alkane density in lipid membranes cannot exceed 1 alkane chain per 19.5 Å 2 . For the evaluation of NR data, this confines the nSLD of the alkane phase to be ρ > -0.5×10 -6 Å -2 . While restricting the phytyl nSLD to fall above this lower limit in the model, we observed that the best-fit parameters in histograms derived from a novel Monte-Carlo resampling procedure (details, see section IV.) for ρphytyl peaked at this limit. Consequently, we denoted this parameter as "fixed" at this value (Table S3 ). This best-fit model suggests an unphysically high phytyl chain density. However, the deviation of this result from the expected value, ρphytyl ≈ -0.3×10 -6 Å -2 (11, 12) , equals the typical measurement uncertainty of this parameter. In fact, we occasionally observed a similar overestimation of non-deuterated al-
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kane chain density for various non-deuterated lipids when using box models for data analysis.
We assume that this is due to intrinsic weaknesses of the box model in describing the interface between phospholipid headgroups and alkyl chains, studied extensively in earlier work on Langmuir monolayers (13). While we were able to resolve this flaw of the box model in developing more complex phospholipid models for Langmuir monolayers (14), we note that the application of an adequately complex model for bilayer lipids is currently beyond the scope of or modeling capabilities of tBLMs, and may exceed the information content of the obtained reflectivity data. We thoroughly verified that variations in the model using fixed values for ρphytyl between -0.5 and -0.3×10 -6 Å -2 did not significantly alter the structural impact of αHL incorporation on the bilayer and are therefore confident that our conclusions in the paper are not affected by this result.
The αHL spans several layers in the model; the contribution of the protein to the nSLD of these layers was calculated from the published crystal structure (15) . For convenience in the model evaluation, the in-plane protein density σαHL in/at the membrane was parameterized in terms of a square lattice of protein caps in the layer adjacent to the tBLM, assuming that the diameter of the cap sets the limit for dense packing. The evaluation of this parameter is reported in Fig. S5A (green plot symbols). In distinction, the protein density reported in Table S3 was Comprehensive NR data. Main panel: Fresnel-normalized NR reflection data sets obtained from one tBLM (WC14:βME = 30:70, completed with DPhyPC) before and after reconstitution of αHL channel proteins at various solvent contrasts. The upper pair of data sets are identical with those in Fig. 3 in the paper. Lower panel: Error-weighted residuals between data with αHL and without αHL. The red line (D2O data sets) is the same as in Fig. 3 . The green line is for the CM4 data sets. Solid lines in the main panel are the reflectivities computed from the nSLD profiles shown in Fig. S4 . Neutron scattering length density profiles derived from a simultaneous model fit to all data shown in Fig. S3 . The color code is consistent with that of the data sets. Details are presented in Table S3 . Table S3: Model parameters derived from a simultaneous fit to NR data at different solvent contrasts for a tBLM prepared with WC14/βME (1:3) and DPhyPC, with and without αHL. in-plane αHL density f n/a n/a 33 ± 1% 33 ± 1% 33 ± 1% global roughness, Å 6.9 ± 1.0 6.9 ± 1.0 6.9 ± 1.0 6.9 ± 1.0 6.9 ± 1.0 χ 2 2.13 2.52 3.45 1.79 1.14 χ 2 (global) 2.37 2.37 2.37 2.37 2.37
a Parameter values printed across neighboring columns were determined by requiring that those parameters fit the data sets represented in these columns simultaneously (6,7). b nSLDs were taken from tabulated values or estimated from molecular models: Si (2.07×10 -6 Å -2 ), SiOx (3.4×10 -6 Å -2 ), Au (4.5×10 -6 Å -2 ), HS(EO)6-glycerol tethers, βME and phosphatidylcholine headgroups within the tether layer (0.60×10 -6 Å -2 ), outer phosphatidylcholine headgroup layer (1.8×10 -6 Å -2 ). c The inner and outer alkane layers were assumed to be of equal thickness. d "Penetration depth of αHL" refers to the difference between the upper interface of the outer lipid headgroup layer and the lower end of the αHL stem. e The remaining content of these layers is composed of lipid and protein material in a composition that derives from the amino acid composition along the protein's symmetry axis, as determined from the αHL crystal structure (15) , the in-plane density of αHL and the protein's penetration depth into the bilayer. f "In-plane αHL density" refers to a dense hexagonal packing of the protein caps in the layer outside of the tBLM, assuming a cap diameter, Dcap = 105 Å.
IV. Determination of parameter confidence limits in neutron reflection
Because the interference patterns of the NR results are dominated by the physical properties of the inorganic surface structure of the support (primarily, the gold film), it is important to show that all parameters are well determined in the composition-space refinement procedure. Thus, we determined the confidence limits of the model by Monte Carlo resampling of synthetic data sets (16) .
In this procedure, N = 1,000 synthetic data sets were cloned from the experimental data by creating random, Gaussian-weighted deviations from the true data based on the uncertainty of each experimental data point determined by counting statistics. By coupling these simulated data sets in the same way as in the determination of the best-fit model (indicated by parameter spreading across the columns in Table S3 ), N slightly different best-fit parameter sets were determined. The best-fit parameter sets were binned and analyzed. In most cases, the resulting parameter distributions were well described by Gaussians. Because some distributions showed asymmetric tails, uncertainties are reported as (standard deviation σ×√2), representing ca. 84% confidence limits. 
V. Bilayers from PDP-PEG2000-DSPE-based bilayer surfaces
To test the effect of the proximity of the gold surface on the structural details of αHL membrane incorporation, control experiments were performed with PDP-PEG2000-DSPE-based tBLMs. Fig. S6 shows a complete solvent contrast data set collected for such a surface. Modeling was performed using the same conditions as for WC14-based tBLMs. The result in Fig. S7 shows that the PEG moiety (n ≈ 45) increases the thickness of the space between the gold electrode and the inner membrane leaflet to ≈ 60 Å. Although these tBLMs are not electrically insulating, NR shows that the membrane covers the gold surface homogeneously and that αHL reconstitution occurs as it does in the WC14-based tBLMs. Monte Carlo resampling of the results in Fig.   S6 suggests that the differences between the neutron reflectivities in the absence and presence of αHL are statistically significant (not shown). The nSLD profiles (Fig. S7) suggest that protein association with the membrane is similar in both systems. Thus, the structural organization of the reconstituted protein in the membrane does not depend on distance from the gold electrode. Table S4 .
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